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Individuals who do not consistently use the same hand to perform unimanual tasks 
(inconsistent-handed) outperform consistent right- and left-handed individuals on tests of 
episodic memory. We explored whether the inconsistent-hander (ICH) memory advantage 
extends to memory for unimanual hand use itself. Are ICHs better able to remember which 
hand they used to perform actions? Opposing predictions are possible, stemming from the 
finding that some regions of the corpus callosum are larger in ICHs, especially those that 
connect motor areas. One hypothesis is that greater callosally mediated interhemispheric 
interaction produces ICHs' superior retrieval of episodic memories, and this may extend 
to episodic memories for hand use. Alternatively, we also hypothesized that greater inter- 
hemispheric interaction could produce more bilateral activation in motor areas during the 
performance and retrieval of unimanual actions. This could interfere with ICHs' ability to 
remember which hand they used. To test these competing predictions in the current study, 
consistent- and inconsistent-handers performed unimanual actions, half of which required 
manipulating objects and half of which did not. Each action was performed four times in one 
of five conditions that differed in the ratio of left to right hand use: always left (4:0), usually 
left (3:1 ), equal (2:2), usually right (1 :3), or always right (0:4). We compared consistent- and 
inconsistent-handers on recall of the leftright ratio for each action. ICHs remembered how 
they performed actions better than consistent-handers, regardless of ratio. These findings 
provide another example of superior episodic retrieval in ICHs. We discuss how greater 
interaction might benefit memory for hand use. 

Keywords: handedness, interhemispheric interaction, self-performed tasks, enactment, episodic memory, action 
memory, individual differences 



INTRODUCTION 

Individuals differ in the consistency with which they use a single 
preferred hand to perform unimanual tasks. Some individuals are 
highly consistent while others are relatively inconsistent, making 
greater use of both hands. We refer to this interindividual vari- 
able as handedness consistency, although it might also be called 
manual lateralization. Of interest to memory researchers, degree 
of handedness consistency, as measured by self-report, predicts 
performance on tests of episodic memory (for review, see Prichard 
et al, 2013). On average, inconsistent individuals remember events 
more accurately and with greater subjective vividness and detail 
than do consistent individuals. 

Why is handedness consistency related to memory? The dom- 
inant theory in the literature is based on two assumptions: (1) 
inconsistent-handers (ICHs) have greater interhemispheric inter- 
action than consistent-handers (CHs), and (2) greater interhemi- 
spheric interaction enhances some types of memory retrieval 
(Christman and Propper, 2001). The first assumption is tenu- 
ously supported by consistency-based anatomical differences in 
the corpus callosum. The corpus callosum is the major pathway for 
communication between the left and right cerebral hemispheres 
and has sometimes been found to be larger in ICHs than CHs 
(Witelson, 1985; Habib et al, 1991; Cowell et al, 1993; Luders 
et al, 2010), but not always (Jancke and Steinmetz, 2003; Welcome 



et al., 2009). Differences in measurement techniques and measure- 
ment of different subregions of the corpus callosum may have led 
to these discrepancies. Because the corpus callosum is a bundle 
of fibers that branch to different cortical regions, consistency- 
based differences may exist in some callosal regions, but not others 
(Nowicka and Tacikowski, 2011). For example, Luders et al., found 
differences only in the anterior and posterior midbody of the cor- 
pus callosum, which primarily connect the sensory-motor cortices 
(Hofer and Frahm, 2006). 

Behavioral studies provide more definitive evidence that ICHs 
have greater interhemispheric interaction than CHs. Interhemi- 
spheric transfer time, measured as the difference in response 
times for information processed in the hemisphere opposite the 
response hand and information processed in the same hemisphere 
as the response hand, is shorter in ICHs than CHs (Cherbuin and 
Brinkman, 2006; Bernard et al., 2011). Furthermore, ICHs exhibit 
greater interhemispheric transfer of skill learning (Chase and Sei- 
dler, 2008). Finally, Lyle and Martin (2010) found that ICHs were 
more accurate than CHs at detecting matches between letters (e.g., 
A and a) that were briefly flashed to separate visual fields. 

The second assumption of the interhemispheric interaction 
hypothesis has sometimes (see Christman and Propper, 2001) 
been grounded in the hemispheric encoding/retrieval asymme- 
try (HERA) model (Tulving et al., 1994), according to which 
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episodic memory is left lateralized in frontal regions at encod- 
ing and right lateralized at retrieval. If this is the case, then 
increased interhemispheric interaction could improve episodic 
retrieval by enhancing the transfer of information from the left 
to the right hemisphere. It appears, however, that the HERA 
model may only hold for relatively simple episodic retrieval 
tasks that require primarily familiarity-based judgments. Exten- 
sive neuroimaging evidence shows that more complex tasks that 
require recall of specific episodic details produce frontal activa- 
tion bilaterally during retrieval (see Nolde et al, 1998; Miller et al., 
2002). From this perspective, greater interhemispheric interac- 
tion may improve retrieval by enhancing coordination of retrieval 
areas across the hemispheres (Lyle et al., 2008b), but this should 
apply only to more complex tasks. Findings have so far sup- 
ported this prediction with consistency-based differences limited 
to tasks that require recall. These tasks have included free recall 
(e.g., Propper et al., 2005; Lyle et al, 2008a; Christman and But- 
ler, 2011), cued recall (Parker and Dagnall, 2010), associative 
recognition (Lyle et al, 2008b), and recall of source informa- 
tion (Christman et al, 2004; Lyle et al., 2008b). Differences have 
not been found on tasks with a small or non-existent recall 
component, including old/new recognition (Propper and Christ- 
man, 2004; Lyle et al., 2008a), short-term digit span (Lyle et al, 
2008b), and implicit word-fragment completion (Propper et al., 
2005). 

Despite abundant evidence for consistency-based differences 
in episodic memory, memory for hand use itself has never been 
examined. If individuals perform unimanual actions multiple 
times with different combinations of their left and right hands, 
does their ability to recall how often they used a particular hand 
for each task depend on their consistency in everyday life? The 
question is of interest for three reasons. First, it is currently unclear 
to what extent consistency-based differences in memory occur for 
non-verbal information, including motoric and frequency infor- 
mation. Most studies that have documented a memory advantage 
for ICHs have employed word stimuli. We count among these 
Lyle et al.'s (2008b) tests of source memory. Although the tests 
revealed that ICHs were more likely than CHs to remember non- 
verbal source information, subjects were remembering the source 
of words. The only example of an inconsistently handed memory 
advantage for strictly non-verbal stimuli is Lyle and Jacobs's (2010) 
finding that ICHs were less likely than CHs to falsely remem- 
ber visual details from a slideshow depicting a complex event. 
Although suggestive, an inconsistently handed advantage occurred 
in only one of two studies Lyle and Jacobs conducted. The studies 
had somewhat different procedures and Lyle and Jacobs reasoned 
that the advantage occurred in the procedure that necessitated 
greater recall of episodic details. Nonetheless, we consider this sin- 
gle result only preliminary evidence for an inconsistently handed 
memory advantage for non-verbal stimuli. Note also that, when 
Lyle et al., tested ICHs and CHs on memory for faces in an old/new 
recognition procedure, they did not find an advantage for ICHs. 
The authors attributed this null effect to the fact that interhemi- 
spheric interaction plays little role in face recognition (Gazzaniga 
and Smylie, 1983), but we cannot rule out that it was due to the 
non-verbal nature of the stimuli. If ICHs' memory advantage does 
extend to non-verbal information, then we would expect it to 



occur on a test of memory for the ratio of left to right-hand usage 
because such a test clearly requires specific recall. 

The second reason for our interest in memory for hand use is 
that the hemispheric basis of unimanual action has been found 
to differ between ICHs and CHs and, from this, one could pre- 
dict an inconsistently handed memory disadvantage. When using 
the dominant hand, both CHs and ICHs activate the contralateral 
motor cortex, but ICHs show greater activation of the ipsilateral 
motor cortex than CHs (Dassonville et al., 1997; Bernard et al., 
2011). Greater ipsilateral activation may be related to the increased 
thickness of the corpus callosum that connects motor regions in 
ICHs. Callosal connections appear to be involved in spreading acti- 
vation from one hemisphere to the other (e.g., Kinsbourne, 2003; 
Bloom and Hynd, 2005). When ICHs execute unimanual actions, 
greater callosal connectivity may cause activity in the controlling 
motor cortex (contralateral to the hand in use) to spread to the 
ipsilateral cortex. It is possible that this would have negative con- 
sequences for memory for hand use. Retrieval of action memories 
is associated with reactivation of primary motor areas that were 
active while performing the actions (Nyberg et al., 2001). This 
reactivation during retrieval is thought to aid memory for actions 
themselves (Masumoto et al, 2006), producing superior mem- 
ory for self-performed actions than for verbally encoded action 
phrases (for review, see Cohen, 1989) or observed actions (e.g., 
Hornstein and Mulligan, 2001). Presumably, reactivation may also 
help individuals remember which hand they used to perform 
actions, with activity in a given hemisphere providing evidence 
that the action was performed with the contralateral hand. How- 
ever, CHs and ICHs may not benefit equally from reactivation. 
Conceivably, ICHs' greater bilateral activation during unimanual 
action could be mirrored in greater bilateral activation during 
retrieval, causing confusion about which hand was used. More 
strictly unilateral activation/reactivation among CHs could lead 
to greater precision in memory. 

The third and final reason for our interest in memory for hand 
use is that the study of consistency-based differences in memory 
has rested on the critical assumption that people can accurately 
remember how they use their hands in everyday life. In this area of 
research, consistency has invariably been measured by self-report 
on hand preference inventories. On these inventories, subjects 
report the frequency with which they use one hand or the other 
to perform everyday unimanual tasks (e.g., brushing one's teeth). 
These are reports of past behavior and therefore constitute a type 
of memory judgment. These judgments are generally assumed to 
be accurate. In other words, individuals who report consistency (or 
inconsistency) are assumed to actually perform everyday tasks in 
a consistent (or inconsistent) manner. However, memory is falli- 
ble in many respects and remembering contextual information, as 
opposed to item information, can be especially challenging (John- 
son et al, 1993). It may be that people can remember that they 
performed certain actions (item information) without remember- 
ing how they performed them (contextual information). There- 
fore, we sought to conduct an initial investigation of memory for 
hand use. Although hand preference inventories probe memory 
for actions performed outside the laboratory, we felt a reasonable 
first step was to test memory for actions performed in a controlled 
laboratory setting. 
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In sum, our goal was to determine the relationship between 
handedness consistency and memory for hand use. ICHs' puta- 
tively greater interhemispheric interaction could give them an 
advantage over CHs if it facilitates recall of episodic detail. Alter- 
natively, greater interaction between motor areas, and possible 
bilateral reactivation of these regions during retrieval, could reduce 
ICHs' ability to determine which hand or hands they used 1 . Given 
the centrality of handedness inventories in this research area, we 
modeled our memory test after the structure of those inventories. 
Namely, we measured memory for left:right hand-use ratios for 
actions. In addition, we examined memory for actions performed 
with and without objects. Hand preference inventories primarily 
consist of questions about actions performed with objects, so these 
types of actions were of greatest interest to us. However, we were 
also interested for exploratory purposes in whether the presence 
of an object would affect memory for hand-use or moderate any 
consistency-based memory differences. 

MATERIALS AND METHODS 
SUBJECTS 

Subjects were undergraduates aged 18-30 who received credit in 
psychology courses for participating and provided informed con- 
sent under protocols approved by the University of Louisville IRB. 
Using the handedness inventory described below, and following 
the method from previous studies (e.g., Lyle et al., 2008b, 2012; 
Edlin and Lyle, 2013), we classified subjects according to their 
inventory scores. Subjects were classified as CHs if the absolute 
value of their inventory score was 80 or greater ( n = 50, M absolute 
score = 92.8, eight males) or as ICHs if the absolute value of their 
inventory score was <80 (n = 35, M absolute score = 57.6, nine 
males, one unknown). Although we categorized subjects by con- 
sistency instead of direction of handedness, our sample included 
seven subjects who could be classified as left-handed due to neg- 
ative inventory scores. Of these, two were CHs (M score = —92.5, 
one male) and five were ICHs (M score = —59, two males, one 
unknown). 

MATERIALS 

We assessed degree of handedness consistency using a modified 
version of Oldfield's (1971) Edinburgh Handedness Inventory. 
The inventory queries hand preferences for 10 activities (writing, 
drawing, using a spoon, opening jars, using a toothbrush, throw- 
ing, combing hair, using scissors, using a knife without a fork, and 
striking a match). For each activity, the response options (and cor- 
responding point values) are Always Right (+10), Usually Right 
(+5), No Preference (0), Usually Left (-5), and Always Left (-10). 
Inventory scores range from —100 (consistently left-handed) to 
+ 100 (consistently right-handed) in 5-point increments. 

For the hand-use task, we selected 20 actions (see Table 1), 
half of which required manipulating objects (e.g., roll the dice) 
and half of which did not (e.g., snap your fingers). The nec- 
essary objects were provided to subjects in a container at the 



1 These two possibilities are of primary interest to the authors, but other predictions 
are certainly possible. For example, one might have expected CHs to have superior 
memory relative to ICHs for actions performed with the left hand due to the greater 
distinctiveness of left-hand usage for the former group than the latter (remembering 
that the vast majority of our subjects were right-hand dominant). 



Table 1 | Actions performed during the hand-use task. 



Without objects With objects' 



R ln\A/ a l/icc 

DIUVV a Moo 


Rni inpo tho hall I cm a II n ihhor hall! 
LJUUI ILC LI IC Uall \olllall I UUUCI Uall/ 


Count to fiV9 


Drop 3 coin in th9 box (smsll box with slot snd four 




npnnip^l 

UCI II 1 1 C jj 


Pn\/pr vni ir pvp 


Flin n\/pr thp rarrl (nla\/inn parrll 

I 1 1 U UVCI LI I C *jCJIU \U la V 1 1 ly \j(a \ \-Af 


Give a thumbs up 


Move the mouse in a circle (mouse with cord 




removed) 


Knock on the desk 


Open the tupperware (small rubbermaid container) 


Pat your head 


Pull out your chair 


Point to the monitor 


Roll the die (six-sided die) 


Snap your fingers 


Take a piece of tape (roll of scotch tape) 


Squeeze your hand 


Take off the marker cap (dry erase marker) 


Wave 


Use the hole puncher (single hole punch and index 




card) 


"Subjects received the objects included in parenthesis. 



beginning of the experiment. Actions were performed at one of 
five possible left:right hand-use ratios: always left (4:0), usually 
left (3:1), equal (2:2), usually right (1:3), or always right (0:4). 
Assignment of action to ratio was counterbalanced. For the per- 
formance/encoding phase of the procedure, we created four blocks 
of action commands. Each command instructed subjects to per- 
form 1 of the 20 actions with a particular hand (e.g., "roll the 
dice with your left hand"). Thus, there were 20 commands per 
block. The commands were presented in pseudo-random order 
such that object actions and no-object actions were evenly dis- 
tributed throughout each block. Commands were presented in a 
different order in each block. For actions assigned to the always-left 
and always-right ratios, the command was to use the same hand 
in every block. For actions assigned to the other three ratios, the 
commands varied in accordance with the particular ratio. Among 
actions assigned to the same ratio, the sequence of left/right com- 
mands was different for each action. For the retrieval phase of the 
procedure, a new random ordering of the 20 actions (without a 
performance command) was created for each subject. 

PROCEDURE 

Subjects first completed the handedness inventory and were 
given the container of objects. Subjects then began the perfor- 
mance/encoding phase. Action commands appeared on a com- 
puter screen one at a time. For actions that required an object, 
subjects took the object out of the container, performed the action 
with the specified hand a single time, and replaced the object in the 
container. For no-object actions, subjects simply performed the 
action one time. Subjects were instructed to perform each action 
four times. Left:right hand-use ratio varied between actions such 
that each subject performed some actions in all five of the ratios. 
After each action, subjects rated the action on how difficult it was to 
perform the action with the specified hand and how natural it felt 
to do so. Ratings were made on a Likert scale ranging from 1 {diffi- 
cult I unnatural) to 9 {easy I natural). Performance and ratings were 
self-paced. Subjects performed all 20 actions in each of 4 blocks. 
After the fourth and final block, there was a surprise memory 
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test. Each action was presented on the screen and subjects were 
instructed to select the hand-use ratio they remembered using to 
perform the task by pressing a number one through five that cor- 
responded to always left, usually left, equal, usually right, or always 
right. Subjects were required to choose a ratio for each action. 

RESULTS 
RECALL 

We submitted proportion of correct responses on the hand-use 
memory test to a 2 (consistency: CH or ICH) x 5 (ratio: always 
left, usually left, equal, usually right, or always right) x 2 (action 
type: object or no object) mixed-factorial ANOVA with consis- 
tency as a between-subjects factor and ratio and action type as 
within-subjects factors. 

Addressing our primary research question, there was a main 
effect of consistency with ICHs (M = 0.57) producing more cor- 
rect responses than CHs (M = 0.47), F(l, 83) = 4.38, p = 0.039, 
r|p = 0.05. ICHs remembered all ratios numerically better than did 



CHs, as shown in Figure 1 and as reflected in the non-significant 
consistency X ratio interaction, F(4, 80) = 0.232, p = 0.920, = 
0.011. The consistency X action type interaction was also non- 
significant, F(l, 83)= 1.41, p = 0.239, r\ 2 p = 0.017, indicating 
that the inconsistently handed advantage occurred regardless of 
whether actions were performed with or without objects. 

There was also a main effect of ratio, F(4, 80) = 12.72, 
p < 0.001, rip = 0.389, indicating that some hand-use behaviors 
were better remembered than others (see Figure 2). Most strik- 
ingly, proportion correct for the always-right ratio (M = 0.68) was 
significantly higher than for all other ratios, smallest t (84) = 2.97, 
p = 0.004. Also, proportion correct was higher for the equal ratio 
(M= 0.56) than for the usually left (M= 0.39) or usually right 
(M= 0.47) ratios, smallest t (84) = 2.34, p = 0.022. In addition, 
proportion correct for usually right was higher than for usually 
left, t(84) = 2.16, p = 0.033, and always left (M = 0.49) was higher 
than usually left, t (84) = 2.20, p = 0.030. We examined the distri- 
bution of incorrect responses, which is shown in Figure 3. Three 
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FIGURE 1 | Mean proportion correct as a function of hand-use ratio and consistency Error bars indicate ±1 SEM. 
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FIGURE 2 | Mean proportion correct as a function of hand-use ratio. Error bars indicate ±1 SEM. 
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FIGURE 3 | Distribution of incorrect responses as a function of 
hand-use ratio. 



patterns are evident. First, when the correct ratio was unequal, 
incorrect responses were usually shifted to a less extreme (versus 
more extreme) ratio than the actual one. Second, when the correct 
ratio was equal, incorrect responses tended to be shifted to the 
usually left or usually right ratio (rather than to one of the always 
ratios). Third, there was a slight tendency to respond with ratios 
in which there was more right-hand usage (rather than with ratios 
in which there was more left-hand usage); this can be seen most 
clearly in the equal ratio condition. None of these patterns suggest 
a strong response bias that could account for any of the significant 
between-ratio accuracy differences. 

The ratio X action type interaction approached significance, 
F(4, 80) = 2.32, p = 0.058, r\j = 0.027, but the trend was not 
readily interpretable. Briefly, proportion correct with and without 
objects was very similar and statistically indistinguishable for all 
ratios except usually right, for which object actions (M = 0.55) 
were remembered better than no-object actions (M = 0.40), 
t(S4) = 2.63, p = 0.01. 



RATINGS 

Because difficulty and naturalness ratings were highly correlated, 
r(85) = 0.53, p < 0.001, we combined the two ratings into a com- 
posite fluency rating. We submitted ratings to a 2 (hand: left 
or right) x 2 (action type: object or no object) x 2 (consistency: 
CH or ICH) mixed-factorial ANOVA with hand and action type 
as within-subjects factors and consistency as a between-subjects 
factor. 

The main effect of consistency was not significant, F(l, 
83)= 1.08, p = 0.302, tv£ = 0.013, and neither were the interac- 
tions between consistency and hand or action type, Fs < 1, suggest- 
ing that the inconsistently handed memory advantage described 
above was not due to greater fluency when performing the actions. 

There were significant main effects of hand, F(l, 83) = 121.24, 
p< 0.001, r\ 2 p = 0.594, and action type, F(l, 83) = 129.028, 

p< 0.001, T] 2 , = 0.609, but these were qualified by a significant 
interaction between the two factors, F(l, 83) = 68.479, p < 0.001, 
T) 2 = 0.452. Overall, subjects felt more fluent when performing 
right-hand actions (M = 8.7) than left-hand actions (M = 7.5), 
and when performing actions without objects (8.4) than with 



them (7.9). However, for right-hand actions, the fluency difference 
between actions performed without an object (M = 8.8) versus 
with one (M = 8.7) was very small, albeit significant, t(84) =4.10, 
p < 0.001. For left-hand actions, the difference between actions 
performed without an object (M = 7.9) versus with one (M = 7.2) 
was markedly larger, t(&4) = 10.85, p < 0.001. 

DISCUSSION 

The primary goal of this study was to compare the ability of ICHs 
and CHs to remember how they used their hands. Recent studies 
have found that ICHs have superior episodic memory but have not 
revealed whether this advantage extends to non-verbal stimuli or 
to memory for hand use, in particular. Empirically, many studies 
have shown an inconsistently handed advantage for verbal stimuli 
(e.g., Propper et al., 2005; Lyle et al., 2008a; Christman and Butler, 

2011) , but, to our knowledge, only one has done the same for non- 
verbal stimuli (Lyle and Jacobs, 2010). Given that ICHs differ from 
CHs in language lateralization (Knecht et al, 2000) and that ICHs 
have more diffuse semantic networks (Sontam and Christman, 

2012) , it was conceivable that these factors resulted in a mem- 
ory advantage specifically for verbal stimuli. Theoretically, ICHs' 
putatively greater interhemispheric interaction (Christman and 
Propper, 2001; Lyle et al., 2008b) fostered opposing predictions 
about memory for hand use. Greater interaction could benefit 
memory by increasing recall of episodic details or harm it by 
producing bilateral reactivation in motor cortex during retrieval 
of unimanual actions. Our results resolved these empirical and 
theoretical uncertainties by clearly showing that ICHs performed 
better than CHs on our test of memory for hand-use ratio. This 
finding supports the conclusion that the inconsistently handed 
memory advantage does extend to non-verbal events, including 
self-performed actions. 

Although we found a consistency-based difference in mem- 
ory for hand use, elucidating the cause of this difference requires 
additional research. The results of our ratings data argue against 
the possibility that the memory difference was due to differences 
between ICHs and CHs in hand-use fluency, because the groups 
provided similar fluency ratings. Following, we consider three 
other possible explanations for ICHs' superior ability to remem- 
ber which hand they used to perform actions. One is that, while 
reactivation of motor cortex at retrieval can potentially be used by 
either CHs or ICHs to determine which hand or hands were used 
at performance/encoding, ICHs are more skilled at interpreting 
this reactivation. If ICHs routinely experience bilateral activation 
during performance (Dassonville et al., 1997) and correspond- 
ing bilateral reactivation during retrieval (Nyberg et al, 2001), 
they may have adapted some means of differentiating between 
contralateral activation due to hand-use and ipsilateral activation 
from callosal "overflow." This could make ICHs more sophisti- 
cated decision makers than CHs when recalling which hand or 
hands they used to perform an action during instances of bilateral 
motor cortex reactivation. 

Alternatively, individuals may use motor cortex reactivation 
only to determine that an action was performed versus not, and not 
to determine exactly which hand or hands were used to perform 
the action. Prior studies showing a memory advantage for per- 
formed actions compared to actions encoded using other methods 
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(e.g., reading action phrases; see Cohen, 1989) have focused on 
remembering the presence or absence of an action and not spe- 
cific details of the action. If specific hand-use information is not 
gleaned from motor cortex reactivation, then correctly remem- 
bering hand use would presumably rely on recollecting specific 
episodic details encoded during the act of performance (e.g., visual 
details, cognitive operations). If this explanation is correct, we 
could attribute the superior performance of ICHs on this task to 
the already established fact that ICHs are superior to CHs when 
recalling episodic details. 

A third possible explanation for ICHs' superior memory for 
hand-use assumes, like our first explanation, that motor cortex 
reactivation at retrieval can serve as a useful source of informa- 
tion about which hand or hands were used, but that ICHs are 
less reliant on it than CHs. ICHs' hand-use memories may be 
based on both motor cortex reactivation and, as proposed in our 
second explanation, recall of additional episodic details. In con- 
trast, CHs may rely largely on motor cortex reactivation, which 
maybe insufficient to remember specific hand-use ratios. Propper 
and Christman (2004) found that ICHs' memories are more likely 
than CHs' to be accompanied by a rich recollective experience 
(indexed by "Remember" responses), whereas CHs' memories are 
more likely than ICHs' to be accompanied only by a non-specific 
sense of familiarity (indexed by "Know" responses). In the context 
of remembering hand use, CHs' reliance on motor cortex reactiva- 
tion may give rise to a similar sense of familiarity while ICHs' use 
of additional episodic details may produce a sense of recollection. 

Consideration of these possibilities raises the important linger- 
ing question of exactly how ICHs' putatively greater interhemi- 
spheric interaction might cause them to remember the episodic 
past more accurately and in greater detail. One idea not yet put 
forth in the literature is that ICHs' threshold for recruiting both 
hemispheres, versus only one, during episodic memory tests may 
be lower than CHs'. As mentioned in the introduction, complex 
memory tasks produce bilateral frontal activation (see Nolde et al., 
1998; Miller et al., 2002) and greater connectivity between the 
hemispheres via the corpus callosum has been proposed as an 
explanation for ICHs' superior memory performance on these 
tasks. However, recruitment of both hemispheres to perform a 
task comes at a cost, which is dependent on interhemispheric 
transfer times. Banich (1998) proposed that simple tasks with low 
attentional demands are more efficiently processed by a single 
hemisphere specialized for that task. As task complexity increases, 
processing load overcomes the cost of transferring information 
across the corpus callosum. The threshold at which it is more 
efficient to recruit both hemispheres than rely on a single spe- 
cialized hemisphere would theoretically be lower for individuals 
who have faster interhemispheric transfer times, including ICHs 
(Cherbuin and Brinkman, 2006; Bernard et al, 2011). Therefore, 
in addition to ICHs having an advantage on memory tasks that 
typically induce bilateral processing in all individuals (ICHs and 
CHs alike), ICHs may also be more likely to recruit additional 
hemispheric processing capability on tasks are not typically asso- 
ciated with bilateral activation (that is, not associated with bilateral 
activation in CHs, who constitute the majority of the population). 

Our finding that ICHs were better at recalling hand-use ratios 
than CHs might be considered worrisome given that, in research 



examining the relationship between consistency and cognition (as 
well as consistency and personality; e.g., Christman et al., 2008; 
Lyle and Grillo, 2013) classification as ICHs or CHs is based on 
self-reported hand use. If ICHs are superior to CHs at recalling 
instances in which they used a combination of their left and right 
hands to perform tasks in everyday life, as they were better at 
remembering these instances in the laboratory, then a troubling 
possibility presents itself. ICHs and CHs could conceivably have 
similar real-world hand-use behaviors for the actions queried on 
hand preference inventories, including a similar rate of inconsis- 
tent behavior, but ICHs may be more likely to remember that 
they behaved inconsistently. If this were the case, it would under- 
cut the idea that people who use their hands inconsistently have 
better episodic memory, and instead mean that people who have 
better episodic memory are more likely to remember instances 
of inconsistency when completing handedness questionnaires. Of 
course, recalling the exact left:right ratios for laboratory tasks per- 
formed only four times and after a retention interval of only a few 
minutes is different in many respects than recalling one's pattern 
of behavior for real- world actions performed innumerable times 
outside of the laboratory. Nonetheless, ICHs have been found to 
have more accurate and more detailed memories for events out- 
side of the lab (Christman et al, 2003; Propper et al, 2005; Parker 
and Dagnall, 2010). Of course, it is also possible that people rely 
more on semantic memory instead of retrieving specific events 
when recalling patterns of behavior for real- world actions. There is 
some evidence that consistency-based differences do not extend to 
semantic memory (Propper et al, 2005), therefore ICHs and CHs 
may be equally accurate when reporting hand-use on handedness 
inventories. Future research is needed to explore the accuracy of 
responses on handedness questionnaires. 

Finally, we consider our finding that, regardless of consistency, 
some hand-use ratios were remembered better than others. In par- 
ticular, the always-right ratio was remembered significantly better 
than all others. In interpreting this finding, recall that our sam- 
ple included only seven left-handed subjects (i.e., subjects with 
negative scores on the handedness inventory). The strong repre- 
sentation of right-handers was evident in the subjective fluency 
data where subjects rated left-hand actions as being more difficult 
and less natural than right-hand actions. Hence, most subjects 
in our sample, regardless of consistency, were right-hand domi- 
nant and we found that memory was best for actions that were 
always performed with the dominant hand. This may be due 
to the strength of motor cortex reactivation during recall. Prior 
studies have reported greater activation in the contralateral hemi- 
sphere when performing tasks with the dominant hand than with 
the non-dominant hand (Dassonville et al., 1997). If this pattern 
is mirrored in reactivation at retrieval, and individuals rely on 
reactivation to determine the hand used to perform an action, 
then stronger reactivation following right- than left-hand actions 
should have resulted in superior memory for always-right actions 
than always-left actions. This is the result we obtained. For actions 
performed with both hands, both motor cortices may have been 
reactivated, but there may have been stronger reactivation in the 
dominant (left) hemisphere than in the non-dominant (right) 
hemisphere, and the former may have masked the latter. This could 
lead to failures to remember that these actions were performed 
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with both hands, reducing accuracy for the usually left, equal, and 
usually right ratios. 

Also, right-handers have been found to exhibit bilateral acti- 
vation in motor cortex when performing tasks with their left 
hand (e.g., Kim et al., 1993; Cramer et al., 1999). The unex- 
pected ipsilateral (left hemisphere) activation may be related to 
the increased complexity of using the non-dominant hand (Haa- 
land et al., 2004). If bilateral activation during performance is 



mirrored at retrieval, and individuals use patterns of reactivation 
to determine which hand was used, this could have contributed to 
poorer memory for always-left actions than always-right actions. 

In summary, we compared the ability of ICHs and CHs to 
remember lefbright hand-use ratios for actions and found that 
ICHs outperformed CHs. Both groups were significantly better at 
remembering the actions performed in the always-right ratio than 
all other ratios. 
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